To determine the prevalence of metabolically healthy obesity (MHO) in children and examine the demographic, adiposity, and lifestyle predictors of MHO status.
In Canada, numerous multidisciplinary clinics offer weight management care for children with obesity (1), most of which are affiliated with children's hospitals. The supply of these services is exceeded by the potential demand since there are .2 million young Canadians (2, 3) who are either overweight or obese and eligible to receive health services in these clinics. Because of the demand for weight management care, in circumstances when services are limited or difficult to access, there is a need to prioritize service delivery in these specialized centers for those individuals who are at greatest cardiometabolic health risk. By distinguishing individuals with obesity based on their relative health risks, those at lower health risk can be guided to less intensive services (e.g., self-management resources or outpatient dietitian counseling), whereas their peers at higher health risk can be directed to more intensive services (e.g., multidisciplinary obesity management or bariatric surgery). The heterogeneous nature of pediatric obesity suggests that a menu of therapeutic options for children (and their families) is best suited to meet their individual needs, an approach that is consistent with managing obesity as a chronic illness (4) .
In adults, some men and women satisfy the criterion for having obesity (BMI $30 kg/m 2 ), but do not possess any of the traditional cardiometabolic risk (CR) factors that often accompany a high level of body fat (e.g., insulin resistance [IR] , dyslipidemia, and hypertension). A number of reports have demonstrated that these metabolically healthy obese (MHO) adults may comprise 6-40% of all individuals with obesity (5) (6) (7) (8) . Similarly, children with obesity can vary substantially with respect to their health profile (9) , but MHO in the pediatric years has not been well-characterized. With this in mind, the purpose of the current study was to 1) determine the proportions of children with obesity classified as MHO and 2) examine demographic, anthropometric, and lifestyle predictors of MHO. Such clinical observations are important from a health services perspective because they can help to inform the allocation of clinical resources for obesity management (10) .
RESEARCH DESIGN AND METHODS
This cross-sectional study included 181 boys and girls aged 8-17 years with 1) an age-and sex-specific BMI $85th percentile (11) and 2) complete demographic, anthropometric, cardiometabolic, and lifestyle data. Between January 2005 and December 2010, all participants were referred by physicians to the Pediatric Centre for Weight and Health (PCWH) at the Stollery Children's Hospital (Alberta Health Services, Edmonton, AB, Canada). Data were collected prior to initiating weight management and retrieved retrospectively via medical record review, which included a systematic data management protocol consistent with medical record data extraction methodology (12,13). Ethics approval was provided by the Health Research Ethics Board (University of Alberta) and administrative site approval by Alberta Health Services.
Demography, Anthropometry, and Body Composition
Demographic data were collected using a standardized questionnaire that was completed by parents. Participant height was measured to the nearest 0.1 cm using a digital stadiometer (SECA 242; Seca, Hanover, MD), and weight was measured to the nearest 0.1 kg using a medical digital balance scale (SECA 644; Seca). Height and weight were entered into EpiInfo v3.5.1 (Centers for Disease Control and Prevention, Atlanta, GA) to calculate BMI, BMI percentile, and BMI z-score. Waist circumference was measured to the nearest 0.1 cm at the iliac crest using a spring-loaded Gulick anthropometric tape (FitSystems, Calgary, AB, Canada).
Cardiometabolic Measurements
Participants provided a fasting blood sample to determine plasma glucose and insulin, triglycerides (TGs), and HDL cholesterol (HDL-C). Plasma glucose was analyzed with a Beckman LX20 analyzer (Beckman Coulter); all other variables were measured using electrochemiluminescence (Elecsys 2010; Roche, Basel, Switzerland) at the University of Alberta Hospital Laboratory (Edmonton, AB, Canada). IR was calculated according to the homeostatic model assessment of IR (HOMA-IR) using the following formula: fasting insulin (mU/L) 3 fasting glucose (mmol/L)/22.5 (14) . While subjects were seated and after a 5-min rest, systolic and diastolic blood pressures (SBP and DBP, respectively) were measured manually according to established guidelines (15) with a sphygmomanometer and an appropriately sized arm cuff. A second measure was taken 5 min later; when a difference $10 mmHg in SBP was observed, the lower of the two values was included.
Dietary and Physical Activity Assessments
Dietary intake was measured prospectively using food records, which varied from 4-7 days in duration and included at least 1 weekend day. The PCWH dietitian instructed all participants and their parents on the correct completion of records using food models, measuring cups and spoons, and sample (completed) food records. Records were completed jointly by participants and parents, which were subsequently returned and reviewed jointly by the dietitian and family to reduce the likelihood of food and beverage omissions and confirm serving sizes and brand names. Data were entered into the Food Processor Diet Analysis Software SQL program (version 10.7.0; ESHA Research, Salem, OR), and average daily intakes were determined. Along with manually tabulating servings per day of sugar-sweetened beverages, the dietitian manually calculated servings per day of vegetables and fruit, milk products, meat and alternatives, and grain products according to Eating Healthy with Canada's Food Guide (16).
Pedometers (New Lifestyles Digi Walker SW 200; New Lifestyles, Lee's Summit, MO) were used to quantify total physical activity (PA) (steps/day) over a 4-7-day period with at least 1 weekend day. Participants maintained a log book so that duration of wear and number of steps could be recorded daily. Over the same period, a self-report PA record was kept to document the amount of time participants spent engaged in moderate-to-vigorous PA [MVPA (17) ], which represents higher intensity activities and sports (e.g., running, basketball, soccer). As a proxy measure of sedentary activity, time spent viewing screens (e.g., television, video games, and computer games) during leisure time periods was also collected. Upon completion, the PCWH exercise specialist reviewed all records with families to confirm responses and clarify ambiguous information. Families were encouraged to maintain children's usual diet and PA habits at this point to provide a representative view of current lifestyle habits that clinicians could use to inform obesity management recommendations and possible strategies for making improvements.
Definitions of Metabolic Risk
We applied two independent classification systems to examine the presence and predictors of MHO. The first system used a more research relevant definition, wherein children were dichotomized according to the presence/ absence of IR, a well-established predictor of type 2 diabetes (18), but an indicator that is seldom calculated and used in clinical practice. IR was determined based on HOMA-IR (14) , by which participants with a HOMA-IR score ,3.16 were deemed MHO and those with a score $3.16 were categorized in the metabolically unhealthy obese (MUO) group. The second system was a more clinically relevant model, in which participants were dichotomized based on the presence/absence of the following four traditional CR factors (MHO: 0 risk factors; MUO: $1 risk factor): SBP or DBP $90th percentile for age, sex, and height (19); TG $1.25 mmol/L (20,21); HDL-C #1.02 mmol/L (8, 20, 21) ; and glucose $5.6 mmol/L.
Statistical Analysis
Means, SDs, and ranges were calculated for all continuous variables. Identical analyses were performed for both IR and CR classification systems. Independent samples t tests were used to compare continuous variables between groups. Multivariable logistic regression was used to examine the association between each of the variables and metabolic health status with adjustment for age and sex. Because there were no sex interactions, all analyses were conducted collapsed across sex. Subsequently, each of the strongest independent predictors of MHO within three main categories of variables: 1) adiposity (weight, BMI, BMI percentile, BMI z-score, and waist circumference); 2) diet (grain products, meat and alternatives, milk products, and vegetables and fruit, total energy intake, macronutrient intakes, and dietary fiber); and 3) PA-related (moderate PA, hard PA, very hard PA, total MVPA, steps per day, computer viewing, TV viewing, video game playing, and total leisure time screen time) were entered into a logistic regression model with adjustment for age and sex. To facilitate comparisons between variables, odds ratios (ORs) were expressed per SD units. All analyses were adjusted for sex and age, except when BMI z-score was included in the models since this variable already adjusts for interindividual differences in sex and age. In addition, all analyses were completed with and without including individuals with a BMI between the 85th and 95th percentiles (overweight). Since our analyses yielded similar results, all children with a BMI $85th were included in the final analyses. Statistical analyses were performed using SAS software version 9.3 (SAS Institute Inc., Cary, NC) with statistical significance set at P , 0.05. Table 1 , 57 of 181 (31.5%; MHO-IR group) and 39 of 181 (21.5%; MHO-CR group) participants were categorized as MHO. Our group classifications revealed that 21 of 181 (11.6%) participants were classified as being both MHO-CR and MHO-IR, while 106 of 181 (85.5%) were categorized as MUO by both definitions. Across both IR and CR categories, the MHO group tended to be younger, shorter, lighter, and less overweight than their MUO peers (Table 1) . Participants in this study were predominantly Caucasian (;80%), were from mid-to upper-middle class households, and had a BMI $95th percentile (166 of 181; 92%). Consistent with our study design, metabolic risk factors were in the less healthy direction in the MUO group. We also observed lower total energy and fat intakes, higher PA, and less screen time in MHO compared with MUO groups. The predictors of MHO status, after adjusting for age and sex, are shown in Table 2 .
RESULTS

As shown in
Using the IR classification system, waist circumference (OR 0.92 [95% CI 0.89-0.96]; P , 0.0001) was the strongest independent adiposity marker of MHO status. Of the dietary and PA variables, total fat intake (g/day) (OR 0.98 [95% CI 0.97-0.99]; P = 0.001) and moderate PA (10 min/day: OR 1.11 [95% CI 1.01-1.23]; P = 0.04) were the strongest independent predictors of MHO status after adjusting for sex and age. Using the CR classification system, BMI z-score (OR 0.29 [95% CI 0.11-0.74]; P = 0.01), total energy intake (OR [per 100 kcal/day] 0.93 [95% CI 0.88-0.99]; P = 0.01), and total MVPA (OR 1.16 [95% CI 1.08-1.26]; P = 0.0001) were the most strongly related adiposity, dietary, and PA variables, respectively, after adjusting for sex and age.
As a final step, the strongest adiposity-, diet-, and PA-related variables (adjusting for sex and age) from the aforementioned domain-specific stepwise logistic regression models were entered into final models. Waist circumference and dietary fat intake, but not moderate PA, remained significant independent predictors of MHO-IR status (Table 3) . For every SD increase in waist circumference (17.0 cm), there was a 67% reduction in the odds of being in the MHO group, and for every SD increase in dietary fat intake (38.5 g/day), there was a 44% decrease in the odds of being in the MHO group. Total MVPA, but not BMI or total energy intake, was the only significant independent predictor of MHO-CR status. For every SD increase in total MVPA (47 min/day), there was an 80% increase in the odds of being in the MHO group.
CONCLUSIONS
This study was designed to determine the proportions of children with obesity classified as MHO as well as examine demographic, anthropometric, and lifestyle predictors of MHO. Several important findings emerged from our analyses. First, about one in five to one in three children with obesity were at relatively low CR despite possessing a high level of body fat. Second, several different adiposity-, diet-, and PA-related variables independently predicted MHO status. Finally, the predictors of MHO status varied depending on which classification system was used to assign individuals to the MHO and MUO groups.
Obesity is a heterogeneous condition, an observation that has been highlighted by characterizing MHO in adults. Two large clinical studies (7, 8) were among the first to describe a subset of adults with obesity that was at relatively low metabolic health risk despite possessing a high amount of body fat. Subsequent reports have shown that up to 40% of adults with obesity may be classified as MHO. Using nationally representative data collected in the U.S. National Health and Nutrition Examination Survey (1998-2004) (22) , approximately one-half of overweight and one-third of obese adults were classified as metabolically healthy, prevalence levels that represent ;36 million and 19.5 million U.S. adults, respectively. In pediatrics, the documented prevalence of MHO has also varied considerably with proportions ranging from 6-36% (23-26), a range that encompasses the proportions found in the current study. The diversity of risk factors and thresholds applied to dichotomize cardiometabolic health risk may contribute to the interstudy variability in the prevalence of MHO. Independent of the issues associated with defining MHO, young people with obesity present clinically with varying severity of cardiometabolic health consequences. It is important to acknowledge that at the time of this study, the MHO individuals were healthier than their MUO peers according to traditional measures of cardiometabolic health risk, but it is unknown whether this distinction would remain stable over time or can be extended to other domains of health (e.g., musculoskeletal, psychosocial) or if the inclusion of other markers of cardiometabolic health (e.g., apolipoprotein B48) would change the proportions reported in this study.
Currently, there is no universal definition of MHO. High total body fat and HDL-C levels plus low visceral fat, ectopic fat, IR, inflammation, and TG levels are common features of MHO in adults (27), but there has been less study of MHO in pediatrics. In adults, MHO is most often defined using IR; we chose to include a more clinically relevant definition as well. Using both definitions of MHO makes our results meaningful to clinicians and researchers alike. Further, including two definitions of MHO was instructive in several ways, as it does not appear that MHO-IR is analogous to MHO-CR. In fact, only 54% of our MHO-CR sample was also MHO-IR. As such, it may be expected that there were also differences in how MHO-CR and MHO-IR related to obesity and lifestyle predictors. First, even in our relatively homogeneous sample, waist circumference was a predictor of IR. This reinforces the importance of weight management, or at a minimum, prevention of further weight gain. Dietary fat intake (albeit to a lesser degree) was also a predictor of MHO when it was defined according to the degree of IR. Weigensberg et al. (28) found that children who consumed a high level of dietary fat had higher levels of IR and acute insulin response to glucose compared with their peers who consumed less fat, but this was exclusive to African Americans (not Caucasians). Our findings, which included mostly Caucasian children, do not allow us to speculate on the amount of dietary fat that may lead to increased IR; however, at least in our sample, the impact of dietary fat on MHO was modest in comparison with the role of central body fatness. Second, when we defined MHO according to CR categories using blood pressure, lipids, and glucose data, MVPA emerged as an important predictor, and anthropometric and dietary variables were no longer significantly related to MHO-CR independent of MVPA. Our data demonstrate that being moderately-tovigorously active may have a clinically meaningful impact on the cardiometabolic health status of children with obesity. This finding is particularly important given how difficult it is for children with obesity to lose and maintain weight loss over time (29) and that regular PA (30, 31) , and more intense PA in particular (32), may have a positive effect on the cardiometabolic health of boys and girls. From a practical standpoint, those individuals classified as having higher cardiometabolic health risk could be prioritized for care sooner or identified to receive more aggressive therapies than their lower-risk peers; for instance, MHO children may benefit from interventions that help them to maintain their current weight, whereas their MUO peers may benefit from more intensive health services to promote weight loss. The heterogeneity of obesity has led to the development of health risk classification systems to prioritize health services for individuals at greatest obesity-related health risk. For instance, the Edmonton Obesity Staging System (EOSS) was proposed as a five-level clinical and functional staging system to describe the morbidity and functional limitations associated with obesity (33). EOSS stage 0 or 1 (similar to MHO All ORs are expressed in SD units and were adjusted for both age and sex. (36) Despite its strengths, there are limitations to this study. First, in the absence of a universal definition of MHO, the CR factors we selected were based on convenience since they were routinely assessed in our clinic. Likewise, the lifestyle predictors we included were derived from the assessments completed by our dietitians and fitness professionals. Other studies may report different proportions with and predictors of MHO depending on definitions and predictor variables. Our intention was not to argue for or against specific MHO definitions, although our findings revealed that variability existed in the proportions of and predictors of MHO when different definitions were applied. Second, the ethnic homogeneity of our sample prevented us from examining whether MHO varied across ethnicities. This is an important question to address since CR is known to vary by ethnicity (37, 38) . Third, our analyses included only those individuals who were referred by physicians and completed a comprehensive health evaluation prior to initiating weight management, so our results should not be generalized to children who declined treatment following a referral or who did not provide the full complement of anthropometric, cardiometabolic, and lifestyle data. Fourth, data regarding sexual maturation were unavailable to us because this information was not collected routinely in our clinic. This prevented us from exploring the potential role of puberty within this study. However, puberty and age are highly correlated with one another, and, as others have reported (39, 40) , age can represent a reasonable proxy measure of maturity. Finally, given the cross-sectional study design, we are unable to report on the time-and/or intervention-dependent changes that may influence MHO and MUO groups, although follow-up longitudinal analyses are planned to examine this issue.
The high prevalence of pediatric obesity highlights the importance of delivering health services for obesity management in a manner that is both efficient and effective. Our study offers important insights into MHO in children that can inform how such services are delivered. At a minimum, these data can be used to inform clinicians about the heterogeneity of pediatric obesity. Clinicians can play a valuable role in completing a comprehensive medical and cardiometabolic health assessment to determine the presence/absence of MHO, which may be used to guide clinical decision-making regarding treatment urgency and intensity when cardiometabolic health risks are present.
